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The observation of a new particle in the search for the Standard Model
(SM) Higgs boson at the LHC, reported by the ATLAS and CMS collab-
orations, is a milestone in the quest to understand electroweak symmetry
breaking. The evidence at the level of 5 σ for a Higgs boson-like particle
has been published by both experiments after a preliminary analysis of
the data from the LHC Run-I. Precision measurements of the new parti-
cle are of critical importance. This document reviews the mass and spin
measurement, the couplings scale factor measurements and the limits on
new physics derived from these results.
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1 Introduction
The ATLAS [1] and CMS [2] experiments reported the observation of a new particle
in the search for the Standard Model (SM) Higgs boson at the LHC at the level of
5 σ after a preliminary analysis of the data from proton-proton collisions at
√
s =
7 and 8 TeV recorded in the years 2011 and 2012 [3, 4]. The analysis is based on
an integrated luminosity of 25 fb−1, which represents 90% of that delivered by the
LHC. In the following the mass and spin measurement is reviewed, as well as the
couplings scale factor measurements and the limits on new physics derived from these
results [5, 6, 7, 8, 9].
2 Higgs mass and spin measurement
The mass is measured independently by both experiments in the H→ γγ and H→
ZZ∗ → 4` channels. Both experiments combine the data from both channels to
measure the mass of the Higgs, using the invariant mass of the two photons and the
four leptons respectively, based on a profile likelihood ratio [10] test statistic where
the Higgs boson mass mH is the parameter of interest and all other uncertainties are
nuisance parameters. The Higgs mass is mH = 125.5 ± 0.2(stat)+0.5−0.4(syst) GeV for
ATLAS and mH = 125.7 ± 0.3(stat) ± 0.3(syst) GeV for CMS. The measured mass
value is close to 125.5 GeV as can be seen in Figure 1, that shows the contour plots for
the signal strength as a function of the mass hypothesis. The combined measurement
is in the 68% confidence interval for both channels in CMS and in the 95% confidence
interval for ATLAS. Note there is a difference between the individual Higgs mass
measurements in ATLAS, which results from the uncertainty in the measurement of
electrons and photons and is correlated between the two channels. However this mass
difference (∆mH = m
γγ
H −m4`H) is compatible with zero at the level of 2.4 σ.
The signal strength being the ratio of the measured cross section to the one pre-
dicted by the SM (µ = σ/σSM) [11] is slightly higher in ATLAS due to an excess of
events observed in both channels, but compatible with the one measured by CMS.
Likewise, the signal strength observed in the different single channel searches (H→γγ,
H→ττ , H→WW , H→ZZ, V H→bb¯) are compatible across experiments, as shown
in Figure 2, even for the V H → bb¯ search where the central values are quite differ-
ent, but the contours overlap. The signal strength is an important parameter, large
deviations of this quantity from unity could indicate evidence for new physics.
In the SM the Higgs boson has a spin parity value of JP = 0+ and different
alternate hypotheses, namely (0−, 1+, 1−, 2+), are tested against it. In the SM the
spin 1 is largely suppressed because of the Landau-Yang theorem [12] due to the
observation of H → γγ events, but it could still have other spin values. For this,
a CLs probability, as shown in equation 1, measures the odds of the alternate spin
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Figure 1: Confidence level intervals in the (µ,mH) plane for the H→ γγ and H→
ZZ∗→ 4` channels and their combination, including all systematic uncertainties for
the ATLAS [6] and CMS [8] experiments.
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Figure 2: Higgs signal strength for different decay channels measured by the AT-
LAS [6] and CMS [13] experiments.
parity hypothesis to the SM hypothesis. All hypotheses are rejected at more than
97% in ATLAS and CMS, which indicates that if the observed boson is not the SM
Higgs boson it must deviate very little from it. Figure 3 shows the distributions of
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Figure 3: Test-statistic distributions for spin parity (JP ) hypotheses 0+ (SM) and 0−
in the H → ZZ∗ → 4` channel in ATLAS [14] and CMS [7]. The CLs probability
used to reject the 0− hypothesis is measured as the ratio between the upper tail of the
0− distribution divided by the lower tail of the 0+ distribution at the point given by
the data. In both experiments the 0− hypothesis is discarded above 99% probability.
the test-statistic for the 0+ and 0− hypothesis. In this case, the alternate hypothesis
0− is rejected with a confidence level above 99%.
CLs(J
P
alt) =
p0(J
P
alt)
1− p0(0+) (1)
It is also possible to probe the existence of Higgs production via electroweak pro-
cesses in a model independent way by measuring the ratio of the gluon fusion (ggH)
and top fusion (ttH) production signal strength to the vector boson fusion (VBF)
and associated production (VH) signal strength. This ratio is µV BF+V H/µggF+ttH =
1.4+0.5−0.4(stat)
+0.4
−0.2(sys) for ATLAS and µV BF+V H/ggF+ttH = 1.538
+1.611
−0.743 for CMS, which
corresponds to an evidence of VBF production at the level of 4.1σ in ATLAS and
3.21σ in CMS. Figure 4 shows the 68% probability contour plots of µV BF+V H versus
µggF+ttH , where the SM Higgs boson point µV BF+V H = µggF+ttH = 1 is compatible
with all measurements.
3 Higgs couplings
Following the leading order tree level motivated framework described by the LHC
Higgs Cross Section Working Group [11], measurements of coupling scale factors are
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Figure 4: Signal strength for VBF and VH production versus ggH and ttH production
contour plots for ATLAS [6] and CMS [8].
implemented for a set of benchmark scenarios. In these measurements it is assumed
that the signal observed originates from a single narrow resonance with the mass
measured by the corresponding experiment, a negligible width, and a CP-even state.
Hence the product of the cross section times the branching ratio for an initial state
i, a partial decay width into final state f of Γf , and a total decay width of the Higgs
boson ΓH as the sum of all visible and invisible final states, is given by
σ × BR(i→ H → f) = σi · Γf
ΓH
.
Scale factors κi are added to each coupling and are fitted to the data to test for
the modification of the magnitude of the coupling but not its tensor structure. In
this framework, each final state can involve more than one coupling. The results for
individual channels and their combination are shown in Figure 5.
Fermion versus vector boson scale factor couplings are tested assuming that only
SM particles contribute to the total width. Figure 6 shows the preferred values of
coupling scaling factors to fermions (κF ) and vector bosons (κV ) in a two dimensional
fit. The best fit values are are found to be compatible with the SM expectation at the
level of 10%, with a largely constrained κF due to the observation of the coupling to
fermions in the H → ττ channel at the level of 4σ. When no assumption is made to
the total width the measurements in ATLAS are consistent with large signal strength
in bosonic decays.
The custodial symmetry in SU(2) that keeps ρ = m2W/m
2
Z ·cos2θW ≈ 1 is tested by
measuring the ratio of the coupling scale factors λWZ = κW/κZ . The measurement
is compatible with the SM prediction and even when an effective scale factor ratio is
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Figure 5: Higgs boson couplings scale factors in different couplings parametrizations
for ATLAS [6] and CMS [8] experiments.
added to H → γγ to account for possible contributions beyond the SM.
Up and down type fermion symmetry which is of interest for two Higgs doublet
models is probed by the ratio of up to down coupling scale factors λud = κu/κd. This
measurement provides a 3.6 σ evidence of the coupling of the Higgs boson to down
type fermions mostly coming from the H → ττ measurement. Similarly, quark and
lepton symmetry is probed with the ratio λlq = κl/κq, and a vanishing coupling of the
Higgs boson to leptons is excluded at the 4 σ level due to the H → ττ measurement
as in the previous case.
In addition, both experiments probe the contribution of beyond SM particles either
in loops or in new final states by introducing effective coupling scale factors for the
H → gg and H → γγ vertices, κg and κγ, and assuming the rest of the coupling scale
factors to be as predicted by the SM. These vertices are very sensitive to unknown
heavy particles beyond the SM. In the first benchmark model it is assumed that
there are no sizeable contributions to the total width by non-SM particles and the
free parameters are κg and κγ. These measurements show the lowest compatibility
with the SM in ATLAS due to the high signal strength value observed.
Finally, upper limits to the branching ratio to invisible or undetected final states
can be set by considering BRBSM = ΓBSM/ΓH = 1 − κ2H · ΓSMH /ΓH . CMS quotes
5
BRBSM < 0.52 at 95% CL and ATLAS quotes BRBSM < 0.41 for the same CL with
a noticeable difference over the expected value (BRBSM < 0.55) mostly constrained
from channels sensitive to VBF and VH production like H → bb¯ and H → ττ .
Vκ
0.8 0.9 1 1.1 1.2 1.3 1.4
F
κ
-1.5
-1
-0.5
0
0.5
1
1.5
2
2.5
3
SM
Best fit
68% CL
95% CL
ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s
-1Ldt = 20.3 fb∫ = 8 TeV, s
b,bττ,ZZ*,WW*,γγ →Combined H
(a)
Vκ
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6
F
κ
-2
-1
0
1
2
3
4
 bb→H 
ττ →H 
 4l→H 
νlν l→H 
γγ →H 
 bb→H ττ →H 
 4l→H νlν l→H 
γγ →H Combined
SM Best Fit-1Ldt = 20.3 fb∫ = 8 TeV s
-1Ldt = 4.6-4.8 fb∫ = 7 TeV s
ATLAS Preliminary
(b)
Vκ
0.8 0.9 1 1.1 1.2 1.3 1.4
) V
κ(
Λ
-
2 
ln
0
2
4
6
8
10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s
-1Ldt = 20.3 fb∫ = 8 TeV, s
b,bττ,ZZ*,WW*,γγ →Combined H
]Fκ,Vκ[
Observed
SM expected
(c)
Fκ
-1 -0.5 0 0.5 1 1.5
) F
κ(
Λ
-
2 
ln
0
2
4
6
8
10 ATLAS Preliminary
-1Ldt = 4.6-4.8 fb∫ = 7 TeV, s
-1Ldt = 20.3 fb∫ = 8 TeV, s
b,bττ,ZZ*,WW*,γγ →Combined H
]Fκ,Vκ[
Observed
SM expected
(d)
Figure 5: Results of fits for the 2-parameter benchmark model defined in Section 5.2.1 that probe di↵erent
coupling strength scale factors for fermions and vector bosons, assuming only SM contributions to the
total width: (a) Correlation of the coupling scale factors kF and kV ; (b) the same correlation, overlaying
the 68% CL contours derived from the individual channels and their combination; (c) coupling scale
factor kV (kF is profiled); (d) coupling scale factor kF (kV is profiled). The dashed curves in (c) and (d)
show the SM expectations. The thin dotted and dash-dotted lines in (c) indicate the continuations of the
likelihood curves when restricting the parameters to either the positive or negative sector of kF .
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Figure 6: Higgs boson couplings scale factors to fermions (κF ) versus vector bosons
(κV ) and 68% CL contours assuming only SM contributions to the total width derived
from the individual channels and their combination for ATLAS [6] and CMS [13].
4 Limits on new physics
The mass dependence of the couplings is probed by expressing the coupling scale
factors to different species of fermions and vector bosons in terms of a mass scaling
parameter (ε) and a vacuum expectation value (M). Combined fits to measured rates
are performed as a function of ε and M , and the best fit point is compatible with the
SM Higgs boson at the level of 1.5 σ, as it is shown in Figure 7a. The best fit for
the vacuum expectation value is below the one for the SM because the overall signal
strength is higher than 1.
If the Higgs were a composite particle following Mininal Composite Higgs Mod-
els (MCHM), the couplings to fermions and vector bosons could be modified by its
compositeness scale parameter (f) such as ξ = v2/f 2, and the SM Higgs b son is
recovered in the limit ξ → 0 nd f → ∞. In particular, in the mod MCHM4, the
couplings scale factors are κ = κF = κV =
√
1− ξ and in the MCHM5 κV =
√
1− ξ
and κF =
1−2ξ√
1−ξ . Figure 7b shows the two dimensional likelihood contours i the (κV
, κF ) coupling plane, and the coupling predictions in the MCHM4 a d MCHM5
models as parametric functions of the Higgs boson compositeness parameter ε. The
6
upper limit of the composinteness scale is f > 710 GeV for MHCM4 and f > 640
GeV for MHCM5.
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Figure 7: (a) Contour plot of the vacuum expectation value (M) versus the mass
scaling paramter (ε) in ATLAS [15]. (b) Contour plot of the coupling scale factors
κF versus κV in ATLAS [15].
In the two Higgs Doublet Model (2HDM) where the SM Higgs sector is extended
by an additional doublet predicting the existence of five Higgs bosons, two neutral
CP-even, one neutral CP-odd and tho charged bosons, with a vacuum expectation
value that follows the relation v21 + v
2
2 = v
2 ≈ (246 GeV)2, the type II category is the
most interesting among the four that exist depending on their coupling constants. In
the type II 2HDM where couplings are different for up-type quarks and for down-type
quarks and leptons, and are completely determined by the mass of the CP-odd scalar
(mA) and the ratio between the up and down type fermions (tan β = vu/vd) results
can be interpreted in a simplified MSSM model. In this model the loop corrections
from stops in ggF production and γγ decays are ignored and the Higgs boson decays
to supersymmetric particles are neglected. The measured production and decay rates
are expressed in terms of the corresponding couplings, assuming identical production
to the SM but without any assumption on the total Higgs width. The measurements
are shown in Figure 8. The observed exclusion limit at 95% CL is stronger than
expected since measured rates in H → γγ and H → ZZ∗ → 4` are higher than
predicted.
It is conceivable that the Higgs particle may have other decay channels that are
not predicted by the SM. In a wide context, the Higgs boson could be coupled to the
particle that constitutes all or part of the dark matter in the universe. These are so
called Higgs portal models. The upper limit on the branching ratio of the Higgs boson
to invisible final states is derived using the combination of rate measurements from
the individual channels and the measured upper limit on the rate of the Zh → `` +
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EmissT process, proportional to BRBSM . The couplings of the Higgs boson to massive
particles other than Weak Interacting Massive Particles (WIMPs) are assumed to be
equal to the SM predictions, allowing the corresponding partial decay widths and
invisible decay width to be inferred. Limits are considerably more stringent at low
mass and degrade as mX approaches mH/2 as shown on Figure 9.
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5 Conclusions and outlook
ATLAS and CMS discovered a Higgs like particle with a mass close to 125.5 GeV,
and measured the spin, parity and signal strength to be compatible with the one
from the SM Higgs boson (JP = 0+ , µV BF+V H = µggH+ttH = 1). In a coupling scale
factors analysis, compatibility with the SM is found in all the tests performed, with
probabilities ranging from 7% to 21%. Consequently, the Higgs physics potential of
the LHC Run-I is almost exploited. Run-II and beyond will offer the possibility to
measure the couplings more precisely, further constrain rare decays, and determine a
possible CP admixture of the Higgs boson.
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